Alcohol ingestion can cause ketoacidosis in addition to the more well known lactic acidosis. Alcoholic ketoacidosis develops usually a few days after a large 'binge' and may be difficult to diagnose unless suspicions are raised. Recognition is important to avoid inappropriate treatment.
CASE REPORT
A 52-year-old man, who had been a modern language teacher, was admitted with a 1 day's history of central abdominal pain of sudden onset, accompanied by profuse vomiting. He had not been eating since a very heavy bout of drinking at a party 4 days previously. He was a known alcoholic with an alcohol intake of about one bottle of spirits per day (approximately 250 g of ethanol). However, during the time since the party he had not consumed any alcohol. He had no prior history of diabetes mellitus.
On examination he was noted to be tachypnoeic, was jaundiced and was moderately dehydrated but well-perfused. His abdomen was tender and a provisional diagnosis of pancreatitis was made.
Initial investigations revealed a partially compensated metabolic acidaemia (pH 7· 29 (reference range 7' 36-7· 43) PC0 2 1·5 kPa (4,4-6'1), P0 2 16·7 kPa (10·7-13·9» and deranged liver function tests (bilirubin 62 p.mol/L (3-17), gammaglutamyltransferase 891 lUlL « 65) aspartate transaminase 180 IU/L(9-40».
Plasma glucose was 8· 4 mmol/L and plasma amylase activity was 220 lUlL (70-300).
The laboratory initiated further investigation of the metabolic acidosis since there was no obvious cause. The acidosis was demonstrated as being of the high anion gap type by measurement of plasma chloride concentration (89 mmol/L (reference range 99-108» and calculation of the anion gap (35 mmol/L (12-20». Diabetes mellitus and a renal cause could reasonably be excluded as could lactic acidosis (plasma lactate O' 99 mmol/L (0' 25-1·13» and therefore a toxic cause of the acidosis was sought. Paracetamol and salicylate could not be detected in the plasma samples and ethanol was detected at 4 mmol/L. Because of the history and the raised creatinine concentration (Table 1) plasma ketone concentrations were estimated by Ketostix at 10 mmol/L. A presumptive diagnosis of alcoholic ketoacidosis was made and advice on treatment given to the attending medical team. The concentration of {3-hydroxybutyrate was measured in a perchloric acid extract of whole blood by the method of Lloyd et 01. I and found to be 10100 p.mol/L (reference range 21-85 p.mol/L).
The patient was treated with intravenous fluids (normal saline and 10010 dextrose), analgesics and antiemetics. He responded well to treatment with his acidosis improving over the following 2 days (Table I) . He made an uneventful recovery and was discharged from hospital.
DISCUSSION
Alcoholic ketoacidosis was first described by Dillon et al.? who identified that clinically significant ketoacidosis could develop in nondiabetic individuals. Subsequently, many reports, particularly from the USA, have confirmed the original observation.t" have demonstrated that the condition is common and may account for up to 20010 of all admissions of ketoacidosis." Despite the literature, the diagnosis of alcoholic ketoacidosis is often overlooked? and needs to be considered if prompt treatment is to be given and potentially inappropriate therapy avoided.
The clinical course has a well described pattern of events (reviewed by Duffens and Marx"), Subjects, usually alcoholics, indulge in a 'binge' of drinking at parties, etc., and then are acutely 
Reference ranges in brackets. N/A=Value not measured.
ill. They often develop abdominal pain which can be severe. Vomiting, often profuse, accompanies this and during the time before admission to hospital, the subjects have not been eating since the 'binge' (from 2-4 days previously). On admission they are dehydrated, have tachypnoea and some may be jaundiced. The differential diagnosis at this time includes gastritis, alcoholic hepatitis and pancreatitis any of which may accompany the acidosis. Initial biochemical investigations include a mild to moderate high anion gap metabolic acidosis with partial respiratory compensation. If alcoholic hepatitis is present the patient may be pyrexial, have a leukocytosis and liver function tests may be abnormal. Similarly, plasma amylase activity may be raised if pancreatitis is present. 5 Plasma electrolytes are not helpful in diagnosis but the concentration of urea may be raised and, in comparison, a very much higher creatinine concentration may be found (vide infra). Plasma glucose is variable and may rarely be raised, lowered or more commonly, normal. Plasma alcohol is commonly undetectable or only present in low concentrations! (as in this case), because of the time since alcohol ingestion. Lactate concentration, similarly may be mildly raised but not sufficiently to explain the degree of acidosis." Plasma ketones, assessed by Ketostix, may be negative or mildly positive. The source of the ketoacidosis is mainly due to an increased concentration of (j-hydroxybutyrate, 6 samples of which need to be taken on admission for measurement. Acetoacetate concentrations are often normal or only mildly raised. Often, lengthy investigation of toxic causes of acidosis are undertaken, e.g. methanol, paraldehyde, ethylene glycol. 5 During the course of the admission plasma potassium,' phosphate? and magnesium10 concentrations often fall as in this case. Typical biochemical changes are summarized in Table 2 .
Ann C/in Biochem 1994: 31 The pathophysiology of the condition is complex but may be explained by a number of key features including the metabolism of alcohol, starvation, vomiting and the time course of events leading to hospital admission (Fig. 1) . The intake of a large amount of ethanol in a 'binge', by a subject who is usually an alcoholic often normally consuming greater than 250 g per day, will inevitably lead to an enormous alcohol load, requiring metabolism. Most metabolism occurs in the liver by the action of enzymes alcohol dehydrogenase and acetaldehyde dehydrogenase found in the cytoplasm and mitochondria, respectively. Nicotine adenine dinucleotide is the co-factor in both reactions and hence, on metabolism, alcohol leads to an increase in the NADH:NAD+ ratio. The metabolic end product is acetate which under normal circumstances can enter the citric acid cycle or be converted into fat or ketones (reviewed by Isselbacher'? and Pannall!' ).
Simultaneously, glycogen stores are being depleted because the subject has not been eating. Glucose production falls and is further diminished by the reduction of hepatic gluconeogenesis due to the raised NADH : NAD + ratio. 10 Increased NADH/NAD+ glucagon'? and catecholamines") the action of which increase lipolysis. Free fatty acids are formed many of which are converted to ketones. I I The raised NADH: NAD+ ratio favours the production of~-hydroxybutyrate rather than acetoacetate, II although both ketones may be present in the blood. Although chronic alcohol abuse induces the microsomal ethanol-oxidizing system!' which can divert some ethanol away from the main route of metabolism, there is no evidence that this contributes to the clinical presentation such as that described here. Acidaemia develops which stimulates respiration and accounts for the tachypnoea. The clinical presentation of acidaemia may be complicated by a respiratory alkalosis due to pain or delirium tremens and a metabolic alkalosis due to vomiting." The degree of acidosis is not usually as severe as that in diabetic ketoacidosis.
An important diagnostic consequence of the production of ,9-hydroxybutyrate is that this is difficult to identify since the nitroprusside Ketostix reaction is insensitive to this ketone body'? making the dipstick test unhelpful or even misleading. There are many reports of such tests being unhelpful in the presence of large amounts of~-hydroxybutyrate.5,7,13 However, an indirect indicator of the ketosis is the concentration of creatinine if measured by the Jaffe reaction. The concentration of creatinine is often raised much more than that of urea in alcoholic ketoacidosis," because of interference by ketones with the reaction. This feature may also be seen in diabetic ketoacidosis.
The clearance of ketones may be delayed by low insulin levels and by reduced renal clearance because of hypovolaemia due to vomiting and a direct effect of alcohol in reducing anti-diuretic hormone concentrations. 6.11 Patients urgently present with a complex metabolic picture, needing diagnosis and appropriate treatment. The presence of moderate abdominal pain often distracts attention from the ongoing deranged metabolism. The clinical presentation is virtually identical with that of diabetic ketoacidosis and was originally described as 'diabetic acidosis with blood sugar normal'. 2 A more recent report emphasizes the diagnostic difficulty in a patient with alcoholic ketoacidosis having a raised blood glucose concentration due to co-existing impaired glucose tolerance." Studies have shown that treatment with insulin and bicarbonate is unnecessaryv" and that intravenous glucose in combination with saline, Ann Clin Biochem 1994: 31 rather than normal saline alone, allows quicker recovery." Potassium supplementation is often necessary, 5 and plasma phosphate and magnesium concentrations should also be monitored and treatment given if indicated." Despite the condition being well-described, it is often overlooked and needs to be considered in patients presenting with a typical history.
